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AHHOTALHA

CoBpeMEHHbIE METO/1bI OUMCTKH CTOUHbLIX BOJ TEKCTHILHOM IPOMBILLICHHOCTH HIPAIOT BAXKHYIO POIlb B YIyULICHHH
KauecTsa BOAbI M APPSKTUBHOCTH NpoH3BOCTEA. B cTathe npeactasieno necnesosanue ppeKTHBHOCTI PasiHYHbIX
METOIOB OUHCTKY CTOUHBIX BOJ TEKCTHILHOIN MPOMBILIIEHHOCTH M aHATIS 00PA3YIOLULNXCA 0CAN0YHBIX Mopon. M3yyeHb!
OCHOBHbIE (PH3NKO-XHMHIECKHE METOIbl OUNCTKH, BKITFOUAA KOATyIALMio, (MIOKYISIHO, ancopoiumo n OHoNornIeckoe
okucnenne. [1posees aHaan3 cocTaBa M CBOICTB OCAIKOB C HCMOMB30BAHHEM METONOB PEHTTEHO(TYOPECUEHTHOTO
(XRF) aramm3a. Onpenesersl 3aKOHOMEPHOCTH (HOPMHPOBAHNS OCAIKOB B 3aBICHMOCTH OT MPUMEHAEMBIX METOIOB
OUMCTKH M MCXOIHOTO cocTaBa cTOuHBIX Boi. Mcecnenorana s(pekTHBHOCTL yaneHus Kpacnutesiel, BIBEIICHHBIX Be-
WECTB H CHIKEHHA XHMHYECKOTO NOTPebIeHNs KHCI0POo/a s Kak10ro MeToaa ouncTki, TToyHeHHble pesynsTaTsl
MO3BONAIOT OLUEHNTh HHEKTHBHOCTE CYIIECTBYIONIHX METOI0B OUNCTKH CTOUHBIX BOJ TEKCTHIBHON NMPOMBILLIEHHOCTH
H HX BIHSHHE HA XapakTEPHCTHKN 0DPAYIOLMXCS OCAIKOB,

bubanorpaputeckoe ommcanmne: OUUCTKA CTOYHBIX BOJI TEKCTHJIBHOW ITPOMBILIJIEHHOCTH U AHAJIH3
OCAJIOYHBIX TTOPO/ // Universum: TeXHU4MECKHe HAaYKH : JIeKTPOH. HayuH. )KypH. Huézos D)1 [u ap.]. 2025, 1(130).
URL: htips://Tuniversum.com/ru/tecl/archive/item/19141
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ABSTRACT

Modern methods of textile industry wastewater treatment play an important role in improving water quality and pro-
duction efficiency. The article presents a study of the effectiveness of various textile industry wastewater treatment meth-
ods and analysis of the resulting sedimentary deposits. The main physicochemical treatment methods were studied,
including coagulation, flocculation, adsorption, and biological oxidation. The composition and properties of sediments
were analyzed using X-ray fluorescence (XRF) analysis. The patterns of sediment formation were determined depending
on the applied treatment methods and the initial composition of wastewater. The efficiency of dye removal, suspended
solids removal, and reduction of chemical oxygen demand was studied for each treatment method. The obtained results
allow evaluating the effectiveness of existing textile industry wastewater treatment methods and their impact on the char-
acteristics of the resulting sediments.

Kmouessie ¢10Ba: OYNCTKA CTOYHBIX BOA, TEKCTHIILHAA MPOMBIIIEHHOCTh, OCAI04HbIE MOPOJIbI, Koaryasius. quio-
KyJALHA, aHATTH3 0CajIKOB
Keywaords: wastewater treatment, textile industry, sedimentary deposits, coagulation, flocculation, sediment analysis

Crounble BO/bl TEKCTHALHON NPOMBILLIEHHOCTH — H Kpalienue, neuarb W kainbposka. Oum colepskar
3TO B OCHOBHOM CTOYHBIE BO/bI, COJEPHALLIE NPUPO.I- BONbLIOE KOJIMHECTRO OPraHUYMecKHX BELIECTB, TAKMX
HbIE IIPUMECH, KHPbI, Kpaxmasl 1 JIPyIue OpraHiyeckue KAaK KPACUTEJIM, KpaxMasl, Le/LUIoi03a, JUFHHH W Moo=
BeLlecTsa, 00pasylolecs Npy Bapke, NOI0CKaHIH, OT- lLe CPe/ICTBA, @ TAKIKE HeOPraHUYeCcKHe BellecTsa, Ta-
OenuBaHuy, KanMOPOBKE M APYIUX IPoLIECcax Chipbs. KHe Kak [enotb, cyib{ui u pasnuinsie conul 1],

CTo4HbIE BOIbI TH[lOl‘paCl]l!H H KpaueHus 06{)33}‘10”1'(.‘5!
B pe3ynbTare pasjintaHbIX MPOLEcCcOB, TAKNX Kak CTHPKA

Tabauua 1.

Cpeﬂuuc XaAPAKTEPHCTHKH CTOYMHBLIX B0/ TEKCTHILHBIX l'IIJE.JIl!pHBTIIﬁ

Mapamerp JuanazoH sHaveHnii
pH Or 4.0 no 12.0
XTIK, mr/am? Or 250 no 1500
BITKs. mr/am? Ot 80 1o 12000
XTIK/BIIKs 0122 1050
BipenieHHbie BeecTsa, MIr/am? Ot 15 g0 8000
Obuee conecoaepratme. Mr/am? Jo 3000
XpoMm HIecTHBANEHTHBII. MI/aM? Ot 1,0 10 4,0
Xiopuist, mr/am? Ot 1000 a0 1600
Cynshuasl. Mr/ o’ Ho 50
lIBeTHOCTD, rpan Ot 50 no 2500
B TekcTHIIBHO# NPOMBIIIEHHOCTH Henecoodpa3Ho M3BecTHO, 4TO KOATyAAIMOHHBIT cMOcod oureTKY
YCTPaHATh 3aTPA3HEHHA C NOMOUIBID (H3INKO-XMMHYe- BEJIFOYAET MPHTOTORIEHHWE BOIHBIX PAacTBOPOB Koary-
ckux mMeTtonos. OHoi 3 KToueBbIX npodneM, caasan- JAAHTOB 1 (NOKYISAHTOB, HX AO3HPOBAHHE, CMELICHHE
HBIX CO CTOYHBIMH BOAAMH TEKCTHILHbIX MPEANPHATHIL, €O CTOYHOI BOnOH, XjonbeoOpasoBaHHe W BbilejeHHe
ABAAETCA  MX TOKCHYHOCTB W BBICOKas  OKpauleH- xjionses 13 Hee. Jlns 0UHCTKW CTOYHBIX BOJ MOC/E Kpa-
HocTh[2]. HIeHHs UeclielyeMbIMI aKTHBHBIMY KpacHTeIsMu yera-
Muorue kpacurenu He nomnaores  Guonoruve- HOBJIGHO, uTO Goniee  PPEKTHBHO NPUMEHEHHE
CKOMY Pa3s/IokKeHHIO, [IOITOMY LISl CHHIEHNS OKpalleH- Koarylisura B komiuiekce ¢ (pokynsarom [3]. Tlpu
HOCTH  CTOYHLIX  BOJ  Moxker  rorpeboBarTbes 3TOM HaWIYHIIHI pesyisLTarT 10CTHraeTcs B cilydae uc-
npuMeHeHue (HINKO-XUMHUYECKHX METOA0B OYMCTKH. nonszoanus koarymsiuros Ca(OH)a Alx(SOy)s, FeCla
OnuuM M3 METONOB KOTOPLIA HanpasieH Ha ylaleHue 1 FeSOy ¢ dmokynsiuroM - nonuakpuwiamupaom. Iie-
KpacHTeseil U3 CTOYHBLIX BOI C MCIONB30BAHHEM TEXHO- MEeHTBl TpamuLHOHHOH (H3MKO-XHMHUUecKoi obpa-
Joruii ocaxaenus u guoranuu. 00TKN npecTasieHbl na puc. 1[4]

HMccenoBany cTo4HbIE BO/bI T10C/IE MPOLLECCa Kpa-
LIeHNA XJIOMIaTo0yMaKHOIl TKAHW aKTUBHBIMK KpacH-
TENAMH  TeKcTHALHOTO  npousBoacTBa «HAIJTEX
Group».
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Koarynauns pH-koppexuns OIOKYIAHT e

Pucynok 1. Komounuposanuuutit (husnKo-xuMuteckuil Memoo o4ucmKu ¢CmouHsLx 600

KoarymsuTsl o0ecneqnBarOT HeHTpaTH3almo mo-
BEPXHOCTHOIO 3apsAia YaCTHIL, YTO MPHBOINT K MX CJTH-
maHni, B pesynbrate o0pazyores MHKPOUTOKYTH —
MESTKHE arperathl, KOTOPbIE HAXOAATCA BO BIBELIEHHOM
cocTogHun. Ha 31om s1ane npoucxoiaT asa npoiecca.
[lepsoe weliTpanuzauus 3apaja - OTPULEATENLHO 3aps-
JKEHHBIE HYACTHLEL, TAKME KAK FIMHBL, OpPraHuYecKkue Be-
LleCTBA M OCTATKM Kpacutenel, B3auMOIEliCTBYIOT
C HOJIOKHUTENLHO 3apPAKEHHBLIMI HOHAMM KOAryIsiHTa.
3T0 YCTpanseT 3MeKTPOCTATHYECKOE OTTamKHBaHHE
MEKIY yacTHuamin. Bropoe GH3NKO-XHMIUECKOE B3an-
MogeifcTBHe - 00pa3oBaHie XHMITYECKIX CBA3Ei MeK Iy
MOJTEKYTAMH KOAryJIAHTa i 3arpasHuTensmu. B Hexoto-
pRIX CAy4YasX MOPOMCXOINT XHMHUECKas peakins,
HaNpUMep, FMIPOIN3 KoaryisHTa ¢ 00pasoBaHueM ruj-
POKCHIOB METAJIIOB, KOTOPBIE CTYIKAT UEHTPAMH arpe-
ralimp 9acTHiL,

Ha stopom atane BBomy nobaenawT (aoky-
TAHTBE — MOJUMEPHBIE COEAWHEHHA, TAKHE Kagk rMo-
THAKPHITAM KWL, TH BElECTBA  CMOCODCTBYHOT
YKpynHeHuo muxpodnokyn B fonee KpynHeie arpe-
ratel ((POKYIbI), KOTOPEIE MOMKHO JIETKO YIAIWTh
U3 BOIBI  METONOM CeaHUMEHTauuH, (Grotauun niu
unsrpaunn. [NonumepHsie MoONEkyIsl  (GUOKYISHTA
CBS3BIBAIOT HECKONBKO MHKPOQUIOKYI Mexiy codoil,
oOpasys KpyMnHble arperarbl. YKpYHHEHHbIE HacTHLLb]
CTAHOBATCH THAKENEE BOALI H OCENAIOT HA IHO, THE MO-
TyT GbITh cOOpans! 1 yaanensl. Jlerkue (pIokyab MOTYT
OhITh MOAHATE HA MOBEPXHOCTH MY3LIPLKAMH BO3IyXa
W yaaneHsl ckpebkamu.

Tadauua 2.

DaxTopel, BARAMINHE HA YPPEKTHBHOCTL NPOUECCOR

DdakTop

Onuncaune

Tun u 1033 KOATYIAHTOB
u QUIOKYIAHTOB

OnTHManbHbIH Bblﬁop PeareHTOoB 3aBHCHT OT COCTaBa CTOYHBIX BOI, Hanpumep.
O BbICOKOOKPAIIEHHBIX CTOYHBIX BOI 3¢¢EKTI1BHBI WRENE30- H aloOMHPHRECOIep-
AKALIHE KOATYJIAHTHI B COYETAHHH C KATHOHHBLIMHA HIIH @HHOHHBIMH (bJ'IOK_YIIH HTAMH.

KoarymsiHTel UMeroT onpeaeneHHslii ananason pH, npu kotopom ux 3thhexTns-
pH cpeant HOCTh MakcuManbHa, Hanpumep, cyibdar antomuaus ayywe padotaet npu pH 5—
8. Torja Kak rmapokcua kaneuns ddubeKTHBeH B LIENOYHOTT cpete.

Bpems cMewnBanuns i ocamae- |JloctatouHoe nepeMerinBatie odecrneyHBaeT paBHOMEPHOE pacrnpeieneHne pea-
HuA FEHTOB, & BpeMA OCakJIeHns [T03BONIAET Arperaram J0CTHYb JIHA pesepeyapa.

Ocanku COIAepHKaT Kak OpraHH4eckue BeulecTsa
(ocTaTky KpacuTeell, Macia, Kupbl), TaK U HeOpraHu-
YECKHE COEIHHCHHA (FH,D,DOI{CHI[I:I METAIINIOB, COJTH }
HMx KomHYeCTBO W COCTaB 3aBHUCAT OT THMNA HCTMOAL30-
BaHHLIX pearcHTOB, }'CHOBHﬂ OﬁpaﬁOTKH M cocTaBa HC-
XOOHBIX CTOYHBIX BOI. AHamTuz 0CaldKOoB NO3BONACT
ONpeaenTh HX COoCTas u L‘BOﬁCTﬂa, HYTO BAKHO 714 Bbi-
60[)21 METOOOB WX YTHAH3ALHH  HWITH nepepaﬁormi.
Hanpumep. OCAIKH, COACPHALIHE USHHBLIE KOMTIOHEHTHI
(MeTamIsl, MHTMEHTBI), MOryT ObITh NepepadoTaHbl L4
BTOPHYHOTO HCNOJIB30BAHWA, TOT/1d KaK TOKCHYHBIE BE-
tectra TpebyroT Ge30NacHOT0 XpaHeHus WK HeifTpa-
JM3aLuu,

ﬂ}[ﬂ OLCHKH CcOCTaBa oﬁpasymumxcsl oCalkKoB HC-
NoJb30BANCH MeToA perTreHoduyopecuentHoro (XRF)

aHallM3a. AHAIM3 NPOBOAMIICH ¢ HCnoNs3oBaHuem FP-
METO/1a, MO3BOJAIOLIEr0 ONPEeNe/IUTL MAaCCOBYIO 10110
3TIEMEHTOB B 00pasLIe € BLICOKOI TOYHOCTLIO. BblH He-
CITeIOBAHBI JTMHHH XapaKTEPHOTO M3TyUeHHs 3JeMeH-
TOB, @ TAKKE PACCYHTAHLI MHHUMATLHO OOHAPYKHMBIE
npenensl (LLD) nasa kammoro snementa. CnekTpel Hi-
TEHCHBHOCTH ObLINN NMOMYHEHB! 1713 3IEMEHTOB € aTOM-
HbIM HOMEPOM OT HU3KOrO [0 CpelnHero auarnasoHa
(Low-Z nMid-Z). Hcecaegosanie npoBOIHIIOCH
Ha npeanpuatad "HAJTEX GROUP", cneuuannznpy-
HOLIEMCH Ha TeKCTHALHOM nponsBojcTee. B tabnuue 3
NpeiCTaBieHbl OCHOBHbIE KONHYECTBEHHbIE pPelyiib-
TaThl aHanu3a. Anemedtel Na, Mg, P u K He b 06-
HAPYIKCHEI B MIPE/IeNax 4yBCTBUTEILHOCTH METOIA.
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Tadauya 3.
XHMHUYECKHii COCTAB 0CAKOB
Snement |Maccoras noas (%)| Morpemmocts (%) Munumansro obnapyskn- | Jluuus | Murencnsnocrs
mbiii npesen (LLD, %) | saementa (cps/pA)
Al 1.59 0.043 0.0875 Al-Ka 0.27489
Si 1.71 0.0165 0.0182 Si-Ka, 1.36461
S 1.75 0.0053 0.0036 S-Ku 13.58595
Cl 0.42 0.0021 0.0032 Cl-Ka 6.44803
Ca 50.1 0.0724 0.0101 Ca-Ka 23.19397
Fe 43.8 0.0223 0.0018 Fe-Ka 89.90859
Cu 0.125 0.0014 0.0013 Cu-Ka 0.41794
Zn 0.518 0.0023 0.0008 Zn-Ku 2.50463
Br 0.0013 0.0001 0.0003 Br-Ka 0.02205

B cOCTaBe o0pasiia 3aHuMaroT Kanbimii (50.1%) nxeneso
(43.8%). OTn naHHbIE YKa3bIBalOT HA BO3MOAKHOE NMPHCYT-
CTBHE COENMHEHMIl, TAKHX KaKk KapOOHaTbl KalmblMA WITH
ICENe30CONEPIKAIITHE  MHHEPATDI
1 1.1.). Cepa (1.75%) u kpemunii (1.71%) Taicke mpucyT-
CTBYIOT B 3aMETHbIX KOJIMHECTBAX, YTO MOKET OhITh CBA=
3AHO € MPUCYTCTBHEM  CYIb(aTHBIX
cuamkaToB. MUKpodieMenTsl, Takue kak meab (0.125%)
1 unHK (0.518%), CBMIETENLCTBYIOT O BOIMOKHBIX [1PH-
MeCAX MITM 3arpA3HeHHsIX MPHPOIHOrO MO0 TeXHOreH-
Horo npoucxoxaerus. Xnop (0.42%) moker GbiTh cBA3aH
€ OCTATKAMM
Ha KpaiiHe HI3KOE COAepiKaHHe TANoreHoB. DTH Pesyiib-
TaThl COTNIACYIOTCA CO CMEKTPaIbHBIM AHATH3OM, TIE J11-
HUH 31emedToB Fe, Ca 1 S IeMOHCTPHPYIOT HAHBOMLILIY O
HHTEHCHBHOCTh, YTO MOATBEPKIAET MX JOMHHUPYIOILEE
MPUCYTCTBHE B MaTepUaie.

HEHTAMH MATepHala ABJIAHOTCH

[To manHbiM ananusa HEI.HGD.BI:J.L[)’I{) MACCOBYIO A0JIIO C MEHLUIMMH JOJAAMH AHOMHHHA. KPEMHWA, CEPLI H ApPY-
THX 3/IEMEHTOB. DTH JaHHBIE JAOT MOHATHE O BO3MONKHO-
CTH TIPHMEHEHHA MOJYHMEHHBIX OCAIKOB 00NanatoNIx
pAaaoM CBOIICTB, KOTOPLIE ACTaOT HX NEPCNEKTHBHLIM Chi-
PbLEM 115 MPHUMEHEHHS B CTPOMTENBHOH HHIYCTPHH. Bhi-
COKOC COACPMAHHC KalblNAa  HKENC3d VYHKA3bIBACT
Ha BOSMOKHOCT MX HCMONB30BAHMA JUIS  [POM3BOICTBA
leMeHTa, HeToHa 1 CTPOHTEILHBIX GI0KoB. OcaIKkn MOryT
CAYKHTE KaK HAMOMHUTENEM, TaK 1 aKTHRHOIT J106aBKoil,
NMOBLILLAIOWICH MEXaHHYEeCKHe CBOicTBa CTPONTEIBHBIX
MaTepHalloB.

ﬂp]-!MCHeI-IHE 0OCATKOB B CTPOHTENLCTHEE TAKKE CHO-
COBCTBYET CHIBKEHUIO HAIPY3KH Ha OKPYKAIOLLYIO Cpeiy
3a CHET UX YTHIIH3ALHH 0 YMEHLIIEHNS 00BEMOB OTX010B,
Tpeﬁylomux 3aX0pPOHEHHA. Has BHEIPEHHA TakKHX peile-
HUiT  HEOOXOANMEI  [IOTIOJTHHTE/ILHbIE  HCCIENOBAHNA
no 0e30MacHECTH MCNONb30BaHKA OCATKOB M UX AONro-
BEYHOCTH B COCTABE CTPOHUTE/IbHLIX MATEPHAIOR.

(remMaruT, MATHETHT

MHHEPAIOB  HItH

conet, abpom (0.0013%) ykaseiBaer

Axann3 o0pa3ia MoKasal, YT0 OCHOBHBLIMH KOMIIO-
KalbUWA | #Keneso,
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